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Field of Industria l U tility 

The present invention relates to a semiconductor device, and more 
particularly to a semiconductor device that is capable of correctly transferring 
signals at high speed. 

Prior Art 

Conventionally, a wiring pattern of printed conductor lines and the 
like is formed on a product system substrate. A plurality of semiconductor 
chips are mounted on the system substrate, and electrode pads arc formed on 
the semiconductor chips for transferring electric signals. The electrode pads 
arc electrically connected to lead frames by bonding wires. The 
semiconductor chip, the bonding wires and ono end of the lead frames are 
sealed with resin. On the other hand, the othor end of the lead frames is 
connected to the wiring pattern by soldering or pressure bonding. Electrical 
signals are transferred (inputted and outputtcd) between the semiconductor 
chips through the wiring pattern and the lead frames. 

Tn the conventional semiconductor device described above, digital 
signals are generated by turning ON and OFF of electrical signals, and such 
signal© are transferred- 

As a result, there are problems in that the semiconductor device is 
likely to be affected by noises that may result from factors such as higher 
frequency, higher operation speed and lower voltage (2V) operation. Also, 
malfunctions may possibly occur due to other factors such as voltage 
fluctuations. 

Furthermore, in the conventional semiconductor device described 
above, portions of the lead sections that protrude from the mold resin (i.e., 
the semiconductor package) are connected to the wiring- pattern on the 
system substrate by soldering or pressure bonding, and electrical signals that 
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are transferred by the wiring pattern are inputted in or outputtod from the 
semiconductor chips. 

As a result, the electrical signals arc substantially influenced by 
physical properties of transfer elements (physical properties of copper or the 
like) of the wiring pattern. Therefore, there is a problem in that it is difficult 
to continuously maintain the original characteristics of the signals. In other 
Words, harmful effects may bo created by the influences of the physical 
properties of adjacent wirings, such as wiring capacitances and the like- As a 
result, for example, propagating signals may be blunted, their amplitudes 
/ may become unstable, and devices in succeeding stages may malfunction. 

In particular, circuits for clock signals that are inputted in and 
outputted from the semiconductor device must be designed in consideration of 

C3 the harmful effects. Also, since electrical influences among adjacent signal 

fS lines cannot be ignored, malfunction protection circuits and other signal 

controls may need to be implemented- Moreover, the lead# that protrude 

m from the semiconductor package have a limited degree of freedom with 

respect to their length and positions, and therefore, the leads can only be 

s connected to limited areas on the system substrate. 

5 SUMMARY OF THE INVENIQN 

U Therefore, it i& an object of the present invention to provide 9 

O semiconductor device that can accurately transmit signals at high speed. 

In accordance with one embodiment of the present invention, a 
semiconductor device includes a semiconductor chip, a light-receiving 
element formed on the semiconductor chip for receiving optical signal, and an 
optical signal transfer device connected to the light-receiving clement for 
transferring tho optical signal into the semiconductor chip. 

In accordance with this* embodiment , the optical signal transfer device 
is connected to the semiconductor chip through the light-receiving element, 
such that optical signals are used as signals that arc inputted in the 
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semiconductor chip. Optical signals have a smaller at tenuation of signal 
amplitude and have a higher transfer speed compared to electrical signals. 
Therefore, correct signal transfer becomes possible, and thus signals can be 
correctly transferred at high speed. 

The optical signal transfer device may be formed from an optical fiber, 
such as, for example, a glass fiber. 

Also, the semiconductor device may further include a package that 
seals the semiconductor chip and a portion of the optical fiber. 

Also, the semiconductor chip may be mounted on a mounting 
substrate. 

Also, in accordance with another embodiment of the present invention, 
a semiconductor device includes a mounting substrate, an optical signal 
transfer device disposed in the mounting substrate for transferring optical 
signals, a plurality of semiconductor chips mounted on the mounting 
substrate, and a light-receiving element connected to the optical signal 
transfer device for receiving optical signals, wherein signals are transferred 
among the plurality of semiconductor chips by tho optical signal transfer 
device. 

Furthermore, in accordance with another embodiment of the present 
invention, a semiconductor device includes a semiconductor chip, a light- 
receiving clement formed on the semiconductor chip for receiving optical 
signals, and an optical signal transfer device connected to the light-receiving 
element for transferring signals from an arithmetic processing apparatus as 
optical signals into the semiconductor chip. 

In accordance with this embodiment, the optical signal transfer device 
is connected to the semiconductor chip through the light-receiving element, 
such that optical signals are used as signals that are inputted from the 
arithmetic processing apparatus in the aemicoftductor chip. Optical signals 
have a smaller attenuation of signal amplitude and have a higher transfer 
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speed compared to oleetrieal signals?. Therefore, correct signal fcronafer 
becomes possible, and thus signals can bo correctly transferred m, high speed. 

In particular, when clock signals are u»ed as signals that are inputted 
from tho arithmetic processing apparatus in the semiconductor chip, phase 
shifts in the clock signals can be avoided, and highly accurate clock signals 
can be transferred to the semiconductor chip. 

Also, the optical signal transfer device may be provided in a mounting 
substrate on which the semiconductor chip ia mounted. For example, the 
optical signal transfer device may be embedded in the mounting substrate. 

Also, a light-emitting element surface that is formed on the mounting 
substrate or within the mounting substrate may be used as the optical signal 
transfer device. In other words, for example, the light-emitting element 
surface is formed on the mounting substrate, such that the entire surface of 
the mounting substrate may irradiate light in response to inputted optical 
signals. As a result, the optical signal transfer device can be disposed 
anywhere in the mounting substrate without regard to tho mounting location 
of the semiconductor chip within the mounting substrate. 

Alternatively, instead of forming a light-emitting clement surface over 
the entire surface of the mounting substrate, the optical signal transfer 
device may be formed in a lattice configuration, and disposed in the mounting 
substrate. 

In this instance, the light-receiving; element in a convex shape may be 
formed on the semiconductor chip on a side thereof that is opposite to the 
mounting substrate. The light-receiving element may bo inserted in the 
optical signal transfer device that is disposed in a plane configuration or n 
lattice configuration to thereby connect the light-receiving element to the 
optical signal transfer device. Ab a result, the light- receiving element and 
the optical signal transfer device can be readily and securely connected to 
each other. 
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BRIEF DESCRIPTOIN OF THE DRAWINGS 

Fig. 1 is a cross-sectional view in part of a semiconductor device in 

accordance with a first embodiment of the present invention. 

Fig. 2 is a cross-sectional view in part of a semiconductor device in 

accordance with a second embodiment of the present invention. 

Fig. 3 schematically shows a plan view of a semiconductor device in 

accordance with a third embodiment of the present invention. 

Fig. 4 schematically shows a plan view of a semiconductor device in 

accordance with a fourth embodiment of the present invention. 
( Fig. 5 is a view for illustrating a method for connecting a light-emitting 

element or a light-receiving element with a glass fiber- 
Fig. 6 schematically shows a plan view of a semiconductor device in 

if *s 

%0 accordance with a fifth embodiment of the present invention. 

in 

* DESCRIPTION OF PREFERRED EMBODIMEN TS QF^HE PRESENT 

S INVENTION 

CI Embodiments of the present invention are described below with 

reference to the accompanying drawings. 
€j Fig. 1 ie a cros9-sectional view in part of a semiconductor device in 

accordance with a first embodiment of the present invention, 
y Tho semiconductor device has a semiconductor chip 11, A light- 

receiving element (not shown) is formed on tho semiconductor chip 11 for 

receiving optical signals carried on a laser beam (infrared light) or the like. 
The light-receiving element is connected to one end of an optical signal 
transfer device, such as, for example, a glass fiber 15 that is a directional 
element by a light-tran&missive type adhesive. The optical signal transfer 
device transfers optical signals into the semiconductor chip 11. The 
semiconductor chip 11, the li^ht-receiving element and one end of the glass 
fiber 15 are sealed by molding reoin 13, 
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In the semiconductor device described above, optical signals are guided 
from the glass fiber 15 through the light-receiving element into the 
semiconductor chip 11. In other words, the optical signals are handed over by 
the light-receiving element and introduced in the semiconductor chip 11. 

In accordance with tho first embodiment of the present invention, the 
glass fiber 15 is connected to the semiconductor chip 11 through the light- 
receiving clement, and optical signals carried by laser are used as signals 
that are inputted in tho semiconductor chip 11, Optical signals have a 
smaller attenuation of signal amplitude and have a higher transfer speed 
compared to electrical signals. Therefore, accurate signal transfer becomes 
possible, and thus signals can be correctly transferred at high spocd with 
substantially no effects by the physical property (transmission property) of 
the glass fiber 15 that is an optical signal transfer device. 

Also, optical signals arc difficult to be affected by noises than electrical 
signals, and therefore malfunctions that may bo cause by voltage fluctuations 
are also difficult to occur. Furthermore, optical signals are not affected by 
tho physical properties of a transfer element such as the glass fiber 15, and 
can continuously maintain the original characteristics of the signal 

Also, optical signals do not become blunt due to the influences of the 
physical properties existing among the adjacent glass fibers, and their 
amplitudes do not become unstable. 

In the firat embodiment described above, one end of the glass fiber 15 
and the light-receiving element are connected by a light transmissive type 
adhesive. However, one end of the glass fiber 15 and the light-receiving 
element can be connected by pressure bonding by molding. 

Pig. 2 is a cross-sectional view in part of a semiconductor device in 
accordance with a second embodiment of the present invention, in which the 
semiconductor chip 11 shown in Fig. 1 is mounted on a system substrate that 
is a mounting substrate. 
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A plurality of electrode pads 23 are formed on a surface of the 
semiconductor chip 11. Part of the electrode pads 23 are electrically 
connected to leads 26 through 30 by bonding wires. Another part of the 
electrode pads 2S is connected to one end of the glass fiber 15 as an optical 
signal transfer device through the light-receiving clement- The 
semiconductor chip 11, the bonding wires 25, a part of the lead$, and ono end 
of the glass fiber 15 are sealed by the molding resin 13- 

Wiring patterns 3G — 39 of conductive lines are printed on the By stem 
substrate 21- Also, a semiconductor package 13 is mounted on the system 
substrate 21. Portions of the leads 2G — 30 that protrude from the 
semiconductor package 13 are connected to the wiring patterns 36 - 39 by 
soldering or pressure bonding. 

In the semiconductor device described above, optical signals are 
inputted through the glass fiber 15, and the optical signals are changed into 
electrical signals within the semiconductor chip 11- For example ? it is 
possible to set such that a power supply potential Vnn is supplied from a 
power source to a signal lino that supplies electrical signals that have boon 
converted from optical signals in response to an optical signal ON, and a 
ground potential is supplied to the signal line in response to an optical signal 
OFF. 

The second embodiment can produce effects similar to those of the first 
embodiment. 

Also, in the second embodiment, the glass fiber 15 ie connected to the 
semiconductor chip 11. As a result, the degree of freedom in disposing the 
circuit elements is improved compared with a device using only leads. More 
specifically, portions of the leads that protrude from the semiconductor 
package 13 have fixed length and arc disposed at fixed locations, such that 
the leads can be connected to the wiring patterns at limited locations on the 
system substrate 21 . Also, a gap L between the wiring patterns 36 and 37 on 
the system substrate 21 needs to be greater than a specified amount- 
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Accordingly, the circuit structure is restricted when only the leada and the 
wiring patterns arc used. However, when the glass fiber 1 T> is additionally 
used as a means to supply signals to tho semi conductor chip 11, the decree of 
freedom in disposing tho circuit components is improved. 

Also, a gap between the adjacent leads (pins) needs to be greater than 
a specified amount, Since the number of the pins cannot limittessly be 
increased, the circuit structure is restricted. However, the additional use of 
the glaes fiber 15 as a means to supply signals to the semiconductor chip 11 
improves the degree of freedom in disposing the circuit components. 

It is noted that, in the second embodiment, one glass fiber 15 is 
connected to tho semiconductor chip 11. However, a plurality of glass fibers 
may be connected to the semiconductor chip, and the glass fibers can be 
disposed at any locations. 

Fig, 3 schematically shows a plan view of a semiconductor device in 
accordance with a third embodiment of the present invention. 

Directional elements such as glass fibers 45 - 47 are disposed in a 
system substrate 4las a means to transfer optical signals. A plurality of 
semiconductor chips 42 and 43 are mounted on the system substrate 41. 
Light-receiving elements for receiving optical signals carried on a laser beam 
(infrared light) or the like and light-emitting elements for emitting optical 
signals 51 - 56 are formed on the semiconductor chip* 42 and 43. 

The semiconductor chips 4.2 and 43 are connected to each other by the 
glass fibers 45 - 47 through the light-recfdving elements and light-emitting 
elements 51 - 56. The glass fibers are used in the same manner as wirings 
such as conduction wirings. 

More specifically, one end of the glass fiber 47 is connected to the 
semiconductor chip 42 through the light-receiving element 51, and the other 
end of the glass liber 47 is connected to the semiconductor chip 43 through 
tho light-emitting element 52, such that signals are outputted from the 
semiconductor chip 43 to the light source semiconductor chip 42. Also, one 
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end of the glass fiber 46 is connected to the semiconductor chip 42 through 
the lierht-receiving element 53, and the other end of the glass fiber 46 is 
connected to the semiconductor chip 43 through the hght-cmitting element 
54- One end of the glass fiber 45 is connected to the semiconductor chip 42 
through the light-emitting element 55, and the other end o£ the glass fiber 45 
is connected to the semiconductor chip 43 through the light-receiving element 
56, such that signals are outputfced from the semiconductor chip 42 to the 
semiconductor chip 43. 

In the semiconductor device described above, optical signals arc 
transferred between the semiconductor chips 42 and 43 through the glass 
fibers 45 - 47 and the light-receiving elements 51 - 56. Tn other words, 
optical signals arc handed over and introduced in the semiconductor chips 42 
and 43 by the light-receiving elements 51 - 56. 

Therefore, the third embodiment provides effects similar to those 
provided by the first embodiment. 

In particular, when clock signals are transferred between an 
arithmetic processor apparatus and a memory apparatus, the embodiment 
provides favorable effects because a phase shift does not occur in the clock 
signal. 

Also, in accordance with the third embodiment, wirings with a 
directional material such as glass fibers 45 - 47, as a wiring material for 
connecting semiconductor products, are pre-installod within she system 
substrate 41. Therefore, lead sections that are typically used in a 
conventional semiconductor device are not required. Accordingly, 
malfunctions of the device that may be caused by defective soldering can be 
prevented. , 

Fig. 4 shows a semiconductor device in accordance with a fourth 
embodiment of the present invention. 

In the fourth embodiment, a system substrate 61 is formed from a film 
substrate, for example. Glass fibers 62 as an optical signal transfer device 
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are connected in a lattice structure and embedded in the system substrate 61, 
When a ftignai is ^'ritamea^tiin^ scraJitfa+a^xutf £h&i?1asa fibers 62. thp signal 
can be propagated through the entire area of the glass fibers 62. When the 
system substrate 61 is formed, the glass fibers 62 are embedded in the 
system substrate 61. 

An arithmetic processor apparatus 63 is mounted on the system 
substrate 61. A light-emitting element 67 to transferring a clock signal is 
formed on the arithmetic processor apparatus 63. There are provided 
semiconductor chips such as storage apparatuses 64 and 65 that receive cluck 
signals from the arithmetic process apparatus 63. Light-receiving elements 
68 and 69 are formed on the storage apparatuses 64 and 65 for receiving 
optical signals carried on laser beam (infrared light) or the like. Contact 
holes 61a are formed in the system substrate 61 that is formed with the glass 
fibers 62 described above at locations where the semiconductor chips 63 — 65 
are mounted and in a manner that the contact holes 61a are located opposite 
to the light-receiving elements or the hghl-cmitting elements 67 - 69. Then, 
the hght-receiving elements and light-emitting elements 67 — 69 are inserted 
in the contact holes 61 a ? and the light-receiving elements and light-emitting 
elements 67 - 6$ are pressure bonded to the glass fibers 62, as shown in Fig. 
5, to thereby connect the light-receiving elements and light-emitting element© 



67 - 69 to the glass fibers 62. 

As a result^ the semiconductor chips 63 — 65 arc connected to thfc glass? 
fibers 62 through the light-receiving elements and light-emitting elements 67 
- 69, Clock signals from the semiconductor chip 63 that is an arithmetic 
processor apparatus are transferred through the light-emitting; element 67 to 
the glass fibers 62, and the semiconductor chips 64 and 65 receive the signals 
transmitted through the glass fibers 62 at their respective light-receiving 
elements 68 and 69. Ae a result, the clock signals are taken into the storage 
apparatuses 64 and 65 from the glass fibers 62, 
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Signals other than the clock signals may be transferred by wiring 
patterns that may be formed on the system substrate 61, for example. 

Accordingly, this embodiment also provides effects similar to those 
provided by the embodiments described above. Also, in the semiconductor 
device of the present embodiment, the glass fibers 62 in a lattice 
configuration are formed in the syatem substrate 61. Therefore, when the 
system substrate 61 is formed, glass fibers 62 do not need to be embedded in 
consideration of factors such as locations of semiconductor chips to be 
mounted on the system substrate 61. As a result, the system substrate 61 
can bo readily manufactured. 

Also, since the system substrate 61 is formed by a film substrate, the 
system substrate (>1 can be bcnl to a degree, and the cost can be lowered, 

it is notod that the fourth embodiment is described with reference to a 
structure in which the glass fibers 62 are formed through the entire area of 
the system substrate 61. However, the present invention is not limited to 
this embodiment. For example, the glass fibers &2 may be formed in a 
limited area in the system substrate SI, for example, in an area where the 
semiconductor chip is mounted. 

Also, the smaller the gap of the lattice becomes, tho loss the position of 
the glass fibers needs to be considered when the semiconductor chip is 
mounted. However, the lattice gap may be determined depending on 
separations among the semiconductor chips that are mounted on the 
substrate, 

Fig. 6 shows a semiconductor device in accordance with a fifth 
embodiment of the present invention. 

In accordance with the fifth embodiment of the present invention a 
ay stem substrate 71 is used instead of the system substrate 61 used in the 
apparatus of (Jbte fourth embodiment. 

The system substrate 7] of the fifth embodiment is formed from a film 
substrate, and a light-omitting surface 72 composed of light-emitting 
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elements such as light-emitting diodes formed on the system substrate 71. A 
light prevention film is formed on the light-emitting surface 72 for preventing 
external light from entering into the light-emitting surface 72. 

It is noted that the light-omitting surface 72 may he formed within the 
system substrate 71. Alternatively, the system substrata 71 may bo formed 
from light-emitting elements, and the system substrate 71 may be used as 
the light-emitting surface 72. 

Contact holes 71a are formed in the system substrate 71 at locations 
where the semiconductor chips 63 — 65 are mounted in a manner that the 
contact holes 7 la are disposed opposite to the light-receiving elements or 
light-emitting element?; 67 - 69. The light-receiving elements and light- 
emitting elements 67 — 69 are inserted in the contact holes 71a ? and the light- 
receiving elements and light -emitting elements 67 . - 69 are pressure bonded 
to the light-omitting surface 72 to thereby connect the light-receiving 
elements and light-emitting elements 67 - 69 to the light-emitting surface 72. 

As a result, the semiconductor chips 63 - 65 are connected to the light- 
emitting surface 72 through the light-receiving elements and light-emitting 
elements 67 - 69. Clock signals from the semiconductor chip 63 that is an 
arithmetic processor apparatus are transferred through the light-emitting 
element 67 to the light-emitting surface 72, and the semicond\ictor chips 64 
and 65 receive the signals transmitted from tho light-emitting surface 72 at 
their respective light-receiving elements €58 and 60. As a result, the clock 
signals are taken into the storage apparatuses 64 8iid 65 from the light- 
emitting surface 72* 

Signals other than the clock signals may be transferred by wiring 
patterns that may be formed on the system substrate 71, or on tho light- 
emitting surface 72 if such a film is formed on the system substrate 71, for 
example. 

Accordingly, this embodiment also provides effects similar to those 
provided by the fourth embodiment. Also, in the semiconductor device of the 
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present embodiment, the light-emitting surface 72 is formed on the entire 
area, of the system substrate 71. Therefore, when semiconductor chips arc 
mounted on the system substrate 71 } mounting locations of the 
semiconductor chips do not need particular consideration. In contract, 
particular consideration is required when glass fibers are disposed. 

It is noted that the fifth embodiment is described with reference to the 
case where the light-emitting surface 72 is formed over the entire area of the 
system substrate 71. However, the present invention is not limited to such 
an embodiment. The light-emitting surface 72 may be formed only in a 
limited area in the system substrate 71, for example, in an area where the 
semiconductor chips are formed. 

Also, a plurality of light-emitting surfaces 72 may be formed in layers, 
and signals are allocated to each of the layers, such that not only the clock 
signals but also other signals, such as, for example, enable signals may be 
transferred. In this case, for example, a light prevention film may be formed 
between the adjacent light-emitting surfaces not only to prevent external 
light from coming into the light-emitting surfaces but also to prevent optical 
signals of one light-emitting surface from coming into the other light-emitting 
surface. Also, the light-receiving elements and the light-emitting elements 
may be formed in such a manner that signals aro transmitted only to the 
corresponding light-emitting surface or signals* are received only from the 
corresponding light-emitting surface, and that optical signals are not 
transferred to the non-corresponding light-emitting surface and optical 
signals are not received from the non-corresponding light-emitting surface. 

It is noted that the present invention is not limited to the embodiments 
described above, and a variety of modifications can be implemented. 
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WHAT I S CLAIMED IS : 

L A semiconductor device comprising: 

a semiconductor chip and a light-receiving element formed in the 
semiconductor chip for receiving an optical signal; and 

an optical signal transfer device connected to the light-receiving 
element for transferring the optical signal into the semiconductor chip. 

2. A semiconductor device according to claim 1, wherein the optical 
signal transfer device is an optical fiber. 

B. A semiconductor device according to claim % further comprising 
a package that seals the semiconductor chip and a part of the optical fiber. 

4* A semiconductor device according to claim 1, wherein the 
semiconductor chip is mounted on a mounting substrate. 

5. A semiconductor device comprising; 
# a mounting substrate and an optical signal transfer device disposed in 

the mounting substrate for transferring an optical signal; 

a plurality of semiconductor chips mounted on the mounting substrate; 

and 

a light-receiving element formed in the semiconductor chip and 
connected to the optical signal transfer device for receiving the optical signal, 
wherein the signal is transferred among the plurality of semiconductor 
chips through the optical signal transfer device, 

6. A semiconductor device comprising: 

a semiconductor chip and a light-receiving clement formed on the 
semiconductor chip for receiving an optical signal; and 
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an optical signal transfer device connected to tho light-receiving 
element for transferring the signal from an arithmetic processing apparatus 
m an optical signal into the semiconductor chip, 

7. A semiconductor device according to claim 6, wherein the signal 
is a clock signal. 

8. A semiconductor device according to claim 6, wherein tho optical 
signal transfer device is provided in a mounting substrate on which the 
semiconductor chip is mounted, 

9- A semiconductor device according to claim 6, whorein the optical 
signal transfer device is a light-em itting surface that iy formed in tho 
xnounting substrate. 

10- A semiconductor device according to claim 6, wherein the optical 
signal transfer device is formed in a lattice configuration and disposed in tho 
mounting substrate. 

11. A semiconductor device according to claim 8, wherein the light- 
receiving element is formed in a convex shape on the semiconductor chip on a 
side thereof that is opposite to the mounting substrate, and the light- 
receiving element is inserted in the optical signal transfer device to thereby 
connect the light-receiving element to the optical signal transfer device. 
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ABSTRACT 

A semiconductor device that is capable of correctly transferring signals 
at high speed. Tho semiconductor device includes a semiconductor chip, a 
li^hfc-reeeiving element formed in the semiconductor chip for receiving an 
optical signal, and a glass fiber aft an optical signal transfer device connected 
to the light-receiving element for transferring the optical signal into the 
semiconductor chip. Optical signals have a smaller attenuation of signal 
amplitude and have a higher transfer speed compared to electrical nignals. 
Therefore, by transferring signals in the form of optical signals, the 
semiconductor device that can correctly transfer signals at high speed is 
obtained. 
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As a below named inventor, I hereby declare that; 



ftOftflr* MS, Hill T3aa>ttflE)ft4cDlKW3«*ixfe My residence, post office address and citizenship are as stated 



next to my name. 



T^dO&^^P^H^^^JtTiS^teffliCgB*^^, WWiBBULT I believe I am the original, first and sole inventor (if only one 
V^JBWrt&te^HT, S "3 ©j»H9# (TJ3©JS* name i© listed below) or an original, first and joint inventor <if 
tf-^ * t <tt*#J* J 0»!iBJBWJ*T**S it (T3dOft plural names are listed below) of the subject matter which is 



claimed and for which a patent is sought on the invention 
entitled 

SEMICONDUCTOR DEVICE 



X&# w 3v\~£V^^&'&f;£* * the specification of which is attached hereto unless the 

following box is checked: 



3 7ffffilft5 63Sfc*:**n«i:*56, 



was fried on September 1, 2000 
as United States Application Number or 
PCT Enternattonal Application Number 
09/654,550 and was amended on 
(if a&plioabieX 



I hereby state tliat I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which Is materia* 
to patentability as defined in Title 37. Code of Federal 
Regulation?, Section 1.56. 
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Office. Waahingtoa, DO 20231. DO NOT SEND FEES OK COMPLETED FOBMS TO THIS ADDRESS. SEND TO: Commissioner or Patents and 
Trftftamwlw. Wwhwirton. DO 202H1. 
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Japanese Language Declaration 



fttt, *Hlfe*»d5*i 18ft (a) - <d)$X&'3 6 5:& 
jR £ #i £ fc tt » W*tt«^H ttilll * W T , #rt & T - * 



Prior Foreign Application^) 

11-252252 
(Number) 
(»*) 
2000-243735 
(Number) 
«9) 



t hereby claim foreign priority under Title 35; United States 
Code, Section 1 1 & (a)-~(<i) or 365(b) of any foreign application^) 
for patent or inventor's oertrfioate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 

Priority Not Claimed 
ff ftft&Hft b 



Japan 



September 6, 1999 



(Country) 
Japan 



(Pay/Month/Year Filed) 

unmans) 

August 11, 2000 



□ 



□ 



(Country) 



(Day/Month/Year Filed) 



I hereby claim the benefit ur »der Title 35, United States Code, 
Section 119 (e) of any United States provisional application^) 
listed below. 



(Application No-) (Filing Date) 

* fc ti«* m * BIKtt ttl H * T <0 JH Iffl + A S 3vfc . Xft 



(Application No.) (Filing Date) 

0BBW4) OfiMB) 

i hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States applications), or 365 (c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application >s not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
112, I acknowledge the duty to disclose information which is 
materia! to patentability as defined in Title 37, Coda of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 



(Application No.) 



(Filing Date) 
(JflJBB) 



(Status: Patented, Pending, Abandoned) 



(Application Wo.) (Filing Date) 

ft 6 , fc^&PX T* b fc»« fe&cDfi b « i: c 5 k a-s < 
mm±x JWtt? * * fctt br in $ £ k , §6 fc: § ftfe 



(Status: Patented, Pending, Abandoned) 

f hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the Knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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M * * *« W ««» W t r «ff t * ± * fe Abl 

Stuart LUbte (Reg. 20,680) 
Louis A Mok, (Reg, 22,585) 
John P. Scheriacher, (Reg. 23,009} 
William H. Wright (Reg. 36,312) 
David Lubits, (Reg. 38,229) 
Wei-Ning Yang, (Reg. 38,990} 
Alfred A. D'Andrea, Jr. (Reg. 27,752) 


POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorneys) and/or agent(s> to prosecute this 
application and transact ell business in the Patent and Trademark 
Office connected therewith. Okt mme and registration number) 


»»Mt ft : 
HOGAN & HARTSON LLP. 
Bi It more Tower 
500 S. Grand Ave, Ste. 1900 
Los Angeles, CA 90071 


Send Correspondence to: 

HOGAN & HARTSON LLP. 
Biitmore Tower 
500 S, Grand Ave. Ste, 1900 
Los Angeles, CA 90071 


HOGAN & HARTSON LLP. 
213-337-6700 


Direct Telephone Cads to: (name and tehphom number) 
HOGAN & HARTSON LLP, 
213-337-6700 




Full name of sole or first inventor 


*MB*<Z)ffS Bft 


Inventor's signature Date 




Residence 

M&£fofr0&0~$iu< . flfo)t#H*~k*fy i Japan 




Citizenship 
Japan 




Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-ohome f Suwa-shi, Nagano-ken 392-B5Q2 Japan 






Full name of second joint inventor, if any 




Second inventor's signature Date 




Residence 

, Japan 


DM 


Citizenship 
Japan 


4MMC 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 




t) 


(Supply similar information a.nd signature for third and subsequent 
joint inventors.) 
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